Background-Cardiac rehabilitation (CR) is recommended after coronary artery bypass graft surgery; however, the consequences of longer wait times to start CR have not been elucidated. Method and Results-Cardiopulmonary, demographic, and anthropometric assessments were conducted before and after 6 months of CR in consecutively enrolled patients from January 1995 to October 2012. Wait times were ascertained from referral forms and charts. Neighborhood characteristics were ascertained using census data and cross-referencing with patients' home geographic location. Among 6497 post-coronary artery bypass graft participants, mean and median total wait time (time from surgery to first exercise session) was 101.1±47.9 and 80 days, respectively. In multiple linear regression, correlates of longer total wait time and the 2 wait-time phases, time from surgery to CR referral and time from CR referral to first exercise session, were determined. Factors influencing longer wait times included female sex, greater age, being employed, less social support, longer drive time to CR, lower neighborhood socioeconomic status, higher systolic blood pressure, abdominal obesity, and a complex medical history. After adjusting for correlates of delayed entry, longer wait time for each of the total and 2 wait-time phases was significantly associated with less improvement in cardiopulmonary fitness (VO 2peak ; β=−0.165, P<0.001), body fat percentage (β=0.032, P<0.02), resting heart rate (β=0.066, P<0.001), and poorer attendance to CR classes (β=−0.081, P<0.001) and completion rate (β=2.741, P<0.001). Conclusions-Strategies for timely access to CR at each phase of the process are important given the negative impact that wait time has on key clinical outcomes. This is relevant because optimizing VO 2peak and attendance to CR has been shown to confer a mortality advantage. (Circ Cardiovasc Qual Outcomes. 2015;8:608-620.
C oronary artery bypass graft (CABG) surgery is a leading revascularization procedure for treating coronary artery disease (CAD). Despite effective revascularization, cardiovascular risk factor control through intensive lifestyle and pharmacological treatment is essential to prevent graft deterioration and progression of atherosclerosis after surgery. Cardiac rehabilitation (CR) programs have been shown to improve fitness and psychosocial well-being and significantly reduce morbidity and mortality after CABG surgery. [1] [2] [3] [4] Accordingly, it is a Class-1 level A recommendation from the American Heart Association that patients are referred to a CR program after CABG surgery. 5 
Editorial see p 539
Although there has been an extensive body of literature examining barriers to being referred to CR after a cardiac event, more recently, time delay in accessing CR has been reported as an issue requiring attention. 6 Canadian and international guidelines endorse early referral to CR postcardiac event 6, 7 but actual practice is variable, and delays are common. 8, 9 Although there are no published data reporting time delay for CABG patients specifically, a 2002 survey of 24 CR programs in Ontario, Canada, revealed that the average and median wait time to start CR after a cardiac event was 111 and 72 days, respectively. 9 In view of this lengthy wait time, CR wait-time benchmarks were established. 10 For post-CABG patients, it was suggested the preferable wait time was 30 days from surgery and acceptable wait time was 60 days. These benchmarks were largely based on consensus because there was little clinical evidence to support the recommendations. Currently, there are no formal benchmarks in the US; however, delayed CR participation is similarly observed. For instance, in a study of 49 877 post-myocardial infarction (MI) or CABG patients hospitalized and then referred to CR in the US, 25% initiated phase II CR within 21 days and >25% initiated CR >2 months after hospital discharge.
Delayed entry is of concern because there has been emerging evidence that later referral and initiation of CR are associated with negative consequences on cardiovascular fitness. 11, 12 However, effect of later CR entry on cardiovascular fitness and other key CR outcomes has not been examined in the post-CABG population specifically, where different findings may be observed owing to a different early recovery trajectory. Moreover, there may be unique barriers that delay entry to CR in CABG compared with nonsurgical patients.
Therefore, the primary objective of this study was to examine the effects of later entry on CR outcomes (ie, CR use, anthropometrics, and functional capacity) while accounting for demographic, environmental, and physiological correlates of longer wait time in both phases: wait time to get referred by a physician and the wait time for the CR program to get a patient assessed and started. We hypothesized that those referred later and those who start CR later after being referred would derive less benefit from CR with poorer adherence.
Methods

Design and Procedure
This was a retrospective analysis of consecutive patients who had undergone CABG surgery and enrolled in a single CR program in Toronto, Canada, from January 1995 to October 2012. Data were extracted from the institution's database. The study was approved by the institution's Research Ethics Board.
Participants
Patients were eligible for the program if they did not have contraindications to exercise. 13 Participants who started CR >1 year after surgery were excluded from the final analysis given the likelihood of unique circumstances surrounding their delay. Patients were included within 1 year after surgery to obtain a representative sample of this population because almost 1 of every 10 patients is referred >6 months after surgery, and the risk of complications that may lead to longer wait times, such as unplanned hospital readmissions, still persists from 6 months and ≤1 year later.
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Measures
Wait-Time Phases
Total wait time and 2 wait-time phases were considered ( Figure 1 ). First, time from cardiac surgery to program initiation (total wait time) was calculated as the elapsed number of calendar days from the date of surgery to the date that the patient attended the first exercise session. Within this period, time from cardiac surgery to referral (referral wait-time) was calculated as elapsed number of calendar days from surgery to the date that the physician referral document was received by the CR program, and time from referral to program initiation (CR wait-time) was measured as the elapsed number of calendar days from the date of physician referral to the date that the patient attended the first exercise session. To account for temporal changes in referral, CR and surgical practice, postsurgical care, diet, health behavior, and patient demographics, the year of referral was accounted for in the statistical analysis. All patients required a written referral before initiating the program, and if a referral was sent by different providers, the most recent referral was entered into the database. The cardiopulmonary exercise stress test (CPET) was conducted in the interval between referral and the first exercise session.
Although total wait time and the 2 wait-time phases are closely related, the correlates and effects of referral and CR wait time were elucidated through statistical modeling. It was anticipated that there may be differences in the correlates of the 2 wait-time phases that would both be amenable to different solutions and interventions by providers and healthcare professionals. While the profile and outcomes of patients with longer referral wait time would be of interest (and potentially actionable) to physicians referring patients, CR professionals would be more interested in the profile and outcomes of patients with longer CR wait time.
Sociodemographic and Clinical Independent Variables
Variables were included in the study because of previous associations with early unplanned hospital readmission after CABG that may affect wait times, such as comorbidities, age, hypertension, and sex. [16] [17] [18] [19] Also variables that were previously implicated as factors affecting referral, enrollment, and completion of CR were included because of their potential to also delay CR. These include female sex, older age, lower social support, employment status, lower socioeconomic status, diabetes mellitus diagnosis, smoking, obesity, and a longer drive-time to the CR center.
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Geographic Data
Patient postal codes were geocoded using geographic information system software (ESRI ArcMap 10.2) using a customized locator service to determine easting and northing coordinates (m). The universal transverse mercator projection was used to reduce errors in distance calculations. Statistics Canada dissemination area boundaries (ie, a small area composed of one or more neighboring blocks with a population of 400-700) containing patient coordinates were identified and used as proxies for the patient neighborhood environment. Censes data, specifically median income, education attainment, unemployment, and statistical area classification values, were derived from the 2011 Canadian Census and linked to each dissemination area boundary.
Neighborhood Socioeconomic Status. Socioeconomic status (SES)
was determined by the sum of the z-scores for net educational level (proportion of people aged ≥15 years with a university degree or
WHAT IS KNOWN
• Canadian and international guidelines endorse early referral to cardiac rehabilitation postcardiac event, but actual practice is variable, and delays are common.
• Delayed entry is of concern because there is emerging evidence that later referral and initiation of cardiac rehabilitation is associated with negative consequences on cardiovascular fitness; however, this has not been examined in the post-coronary artery bypass graft surgery population.
WHAT THE STUDY ADDS
• In this study of 6497 post-coronary artery bypass graft surgery patients, longer wait time to start a cardiac rehabilitation program was associated with poorer outcomes, including less improvement in cardiopulmonary fitness and lower program adherence, which have been shown to confer a mortality disadvantage.
• A profile of real-world patients predisposed to longer wait times is provided, specifically older women, those from a lower socioeconomic neighborhood, people who are employed, and people with less social support.
• Policies to initiate cardiac rehabilitation referral from the acute care setting and to begin exercise training within 60 days of hospitalization are recommended to optimize the benefit derived from cardiac rehabilitation.
postsecondary diploma minus the proportion without a high school certificate or diploma) and the median income of all census families and subtracting the z-score of the proportion of unemployed aged ≥15 years as a percentage of the people aged ≥15 years in the work force.
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Urban/Rural Distinction. The statistical area classification value for each dissemination area was categorized based on the percentage of residents employed in the labor force that has a place of work in the urban core(s) of a Census subdivision (ie, via metropolitan influence zones). Dissemination areas with metropolitan influence zone codes having a strong or moderate influence were considered urban, and metropolitan influence zones coded as having a weak or zero influence were considered rural.
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Distance/Drive Time to CR. CR location was geocoded into Universal Transverse Mercator coordinates using the Geographic Information System. The network analyst tool in ArcMap was used to determine the road network-based distance from each patient's residential coordinates (utmx, utmy) to the location of the CR facility. Distances are also provided as drive times based on averaged, measured traffic velocities for specific road segments along the network.
Outcomes
CR Adherence. Two measures of CR adherence were included. One was the number of prescheduled on-site weekly classes attended. Subjects attended a maximum of 24 classes over 6 months and monthly classes for 4 to 12 months (duration varied depending on date of CR entry). The second was completion of the program. Patients were coded as noncompleters when there was confirmation by a patient that he/she no longer wished to or was unable to participate and when ≥3 consecutive on-site visits were missed and if the patient was unreachable by telephone on repeated (minimum of 3) attempts over a 2-month period. Reasons for withdrawal were categorized as medical or nonmedical.
Anthropometrics. Percent body fat was assessed by bioelectrical impedance for patients referred after 1999 (Tanita TBF-300A, Tokyo, Japan) and before this by skin-fold measurements. 29 Waist circumference was measured at the narrowest part of the torso between the iliac crest and xiphoid process or at the level of the iliac crest after normal exhalation. 13 Abdominal obesity was considered for waist circumference >88 cm and >102 cm for women and men, respectively.
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Functional Capacity. CPETs were conducted in all patients before CR and 6 months later, except in those who prematurely discontinued the CR program. A CPET on either an upright cycle ergometer (Ergoselect 200P, Germany) or a treadmill (TM55, Cardiac Science, Hannover DE), conducted on the same modality pre-and posttraining, was performed depending on patient balance and comfort. On the cycle, workload was increased by either 8.3 or 16.7 Watts every minute maintaining a pedaling rate of 60 RPM. On the treadmill, the Bruce or Modified Bruce protocol was selected. 13 Gas samples were collected via calibrated metabolic cart (SensorMedics Vmax Encore, CA) with continuous monitoring of 12-lead ECG (Marquette Case 8000) and blood pressure. The test was terminated at peak volitional effort (ie, unable to maintain treadmill speed or pedaling rate) if a physiological maximum was achieved or if the patient had adverse clinical signs or symptoms. The expected VȮ 2peak (mL⋅kg −1 ⋅min −1 ) was calculated from established age and sex norms.
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CR Intervention
Setting
In Canada, CR services are funded variably by province. In Ontario where this study was undertaken, CR services are reimbursed by a single payer universally, namely the Ministry of Health. Thus, the CR program is offered at no charge to patients, except for parking fees. The city of Toronto, again where this study was undertaken, is one of the most ethnoculturally diverse cities globally. Residents enjoy a relatively high standard of living and quality of life.
Program
Participants were referred to the CR program by their family physician, surgeon, or other healthcare professional. After referral and collection of additional medical history documents by the CR team, patients were scheduled for a CPET appointment a minimum of 6 weeks after surgery. At the CPET appointment, the first CR session was scheduled.
The program was led by an interprofessional team of physicians, physiotherapists, nurses, kinesiologists, psychologists, and dietitians. Patients attended 90-minute exercise classes once per week for 6 to 12 months and monthly classes for 4 to 12 months (duration varied depending on date of CR entry) and were offered another CPET at 6 months.
Exercise classes included aerobic and resistance training, education sessions, as well as psychosocial and dietary counseling. Each patient was assigned to a case manager, and patients were required to complete 5 aerobic and 2 to 3 resistance training sessions per week, which were tracked via an exercise diary. One exercise session was conducted in the facility, with the balance of the exercise being completed in the home/community. The initial walking prescription was set at a distance of ≈1.6 km per day and an intensity equivalent to the ventilatory anaerobic threshold and 60% to 80% of VȮ 2peak . Prescriptions were progressed to a maximum of 6.4 km and then increasing intensity to a maximum of 80% of VȮ 2peak (maximum duration of 60 minutes). Resistance training exercises included 3 lower body (2 with dumbbells and 1 with exercise bands), 5 upper body (dumbbells), and 2 trunk-stabilizing exercises (patient's body weight).
Statistical Analysis
Multiple linear regression analysis was performed to determine correlates of wait time. The 3 wait-time intervals (total wait time, referral wait time, and CR wait time) were positively skewed and thus were log-transformed to approximate normal distribution. To determine candidate variables for the full test of association, the relationship between wait times and pre-CR continuous variables (age, CPET measures, SES, drive time to CR, and some anthropometric data) were determined using the Pearson correlation coefficient. Then, the difference in wait times by patient characteristics (ie, sociodemographic, anthropometric, and comorbid diagnoses) was ascertained using independent sample t test. Candidate correlates were those where P values were ≤0.25, 32 which were entered in a multiple linear regression model. To ensure assumptions of multiple regression analysis were met, tolerance values and variance inflation factors were examined for multicollinearity. The final model was chosen maintaining only those variables reaching a criterion of P<0.05. Categorical independent variables of 6 year blocks for the year that patients were referred to the program were forced into each model with the reference variable The impact of wait times (independent variable) on continuous categorical outcome measures (dependent variables) were each determined using multiple regression and logistic regression analyses, respectively, after accounting for both pre-CR values of the outcome variable, year referred, as well as the correlates of later CR entry identified as above. The impact of referral wait time and CR wait time on outcome variables were adjusted for CR wait time and referral wait time, respectively. A post hoc analysis was conducted to determine whether wait time influenced CR outcomes independent of attendance by forcing attendance rate into each model. Probability values <0.05 were considered significant. All analyses were performed in SPSS (version 21.0, SPSS, Inc., Chicago, IL).
Results
Participant Characteristics
There were 6622 CABG patients referred during the period of study. Mean and median time from surgery to first CR exercise session was 119.5±241.0 (min/max 30-8258 days) and 88.0 days, respectively. Of these, 125 (1.9%) patients were excluded as they started CR >1 year from surgery (mean 1077.8±1427.4 days; min/max=366-8258 days; median=603 days). Characteristics of the remaining 6497 post-CABG patients are shown in Table 1 . Median travel time was 10.5 minutes, and distance to CR was 10.8 km. The proportion of people who completed the program was 73.1% (n=4747). Reasons for prematurely discontinuing the program were both medical (n=619; 9.5%) and nonmedical (n=1131; 17.4%). Noncompleters did not have a follow-up CPET and thus were excluded from the outcome analysis with the exception of attendance and completion outcomes.
Wait Times
The mean and median total wait time to start CR was 101.1±47.9 and 80 days, respectively. Referral and CR wait times are shown in Table 1 . Overall, 619 (9.5%) participants started CR within 60 days of surgery. The number of annual referrals showed a steady decline from 1995, peaking at 533 patients referred in 1999 to a minimum of 246 patients referred in 2011. CR wait time was significantly greater than referral wait time for patients who started CR within 120 days of surgery (45.0±19.3 versus 36.0±20.7 days, respectively, P<0.001; Figure 2 ). Conversely, referral wait time was significantly greater than CR wait time for those starting CR >120 days postsurgery (107.5±65.7 versus 65.2±43.2, P<0.001). Referral wait time became progressively shorter and CR wait time progressively longer the more recent the year (in blocks of 6 years) that the patient was referred to the program (both P<0.001; 44 (32) 41 (28) 41 (29) 54 (28) Data are reported as the mean±standard deviation unless indicated otherwise. Interquartile range is 25th and 75th percentiles. ACE indicates angiotensinconverting-enzyme inhibitor; ARB, angiotensin receptor blockers; BP, blood pressure; CABG, coronary artery bypass graft surgery; COPD, chronic obstructive pulmonary disease; CR, cardiac rehabilitation; SES, socioeconomic status; and VȮ 2peak , mL·kg
, peak oxygen uptake (milliliters per kilogram per minute). *P<0.001, for between group differences for referral year groups.
†P<0.01, for between group differences for referral year groups. ‡P<0.05, for between group differences for referral year groups. 
Correlates of Wait Times
Total Wait Time
The bivariate correlates between baseline characteristics and wait times are presented in Table 2 . In multiple linear regression analysis, correlates of a longer total wait time were being older; female; employed; longer drive time to CR; lower neighborhood SES; higher resting systolic blood pressure; abdominal obesity; current cigarette smoking; and a diagnosis of heart failure, diabetes mellitus, MI, cardiac arrest, cardiomyopathy, stroke, and valve surgery ( 
Referral Wait-Time Phase
In multiple linear regression analysis, correlates of longer referral wait time were similar to total weight time, except that age, female sex, being employed, and a diagnosis of myocardial infarction were not significantly associated ( 
Association of Wait Time With Patient Outcomes
After adjusting for previously determined correlates of total wait time and the baseline measure of the dependent variable, total wait time was a significant negative correlate of change in VȮ 2peak , diastolic blood pressure, and attendance to prescheduled classes and positive correlate of change in body fat and resting heart rate ( Table 4) . In adjusted logistic regression analysis, greater total wait time was a significant correlate of not completing CR.
Referral wait time was a correlate of the same outcomes as total wait time except percent body fat after adjusting for correlates of referral wait time and for log-transformed CR wait time. CR wait time was a correlate of the same outcomes as total wait time, except resting diastolic blood pressure, after adjusting for correlates of CR wait time and log-transformed referral wait time. Figure 3 shows the relative change in outcomes by total wait time.
Post hoc analyses revealed that wait times remained a significant influence on the previously mentioned outcomes even after accounting for attendance rate (P<0.05 all).
Discussion
This is the first study to our knowledge that has examined the consequences of longer wait time to CR on outcomes in a CABG cohort. We found that the mean and median total wait time to the beginning of CR treatment were 110 and 80 days, respectively. After adjusting for correlates of longer total wait time, those who entered later were more likely to have poorer adherence to CR (both completion rate and attendance to prescheduled classes), diminished gains in cardiovascular fitness, a less favorable change in resting heart rate and body fat percentage, but a greater reduction in resting diastolic blood pressure after 6 months of CR. Importantly, a longer delay within each of the 2 wait-time phases predicted poorer outcomes independent of each other in the majority of the same important key CR outcome metrics. We also demonstrated that patients who were older, female, employed, having a lower neighborhood SES, longer drive time to CR, with greater vascular risk factors and a more complex medical history were more likely to start CR later. Similarly, greater vascular risk factors, complex medical history, and lower SES were correlates of longer referral and CR wait-time phases. However, demographic factors more heavily influenced wait time after the referral was received by the CR program. Specifically being older, female, employed, and lack of social support influenced CR wait time but not referral wait time.
Consequences of Longer Wait Times
Although timely referral to CR treatment is recognized as important to patient enrollment, 33, 34 delayed CR participation would be of little consequence if there was no effect on patient-related outcomes. Indeed, it was demonstrated herein that those who entered later were more likely to have poorer adherence to CR (both completion rate and attendance). Moreover, diminishing gains in cardiovascular fitness and a less favorable change in body fat percentage and resting heart rate after 6 months of CR participation were observed for those with longer wait times. These findings hold important implications for patient outcomes, given the reported dosedependent reduction in mortality and recurrent MI in people after CABG who attend a greater number of prescheduled CR sessions. 1 Moreover, optimizing cardiovascular and metabolic health is important given the well-established association between VȮ 2peak and survival in patients with CAD, 35 as well as the favorable effect of body fat reduction on primary and secondary risk for both metabolic and cardiovascular disease. [36] [37] [38] In fact, even a modest advantage in VȮ 2peak has been reported to be associated with significant prognostic and functional benefits in CR participants. 35, 39 VȮ 2peak has also been shown to play a role in explaining SES-mortality gradients in post-MI patients. 40 Therefore, reducing the wait time to start CR, especially in the SES disadvantaged individuals, may help to optimize gains in VȮ 2peak and offer a mortality benefit, but this hypothesis requires further investigation.
The reason for greater CR-related benefit for earlier entry patients in the current study may be multifactorial. In a metaregression analysis, Haykowsky et al reported that patients who started exercise training earlier post-MI had greater beneficial effects on left ventricular remodeling (increased ejection fraction and decreased end diastolic and systolic volumes). 41 Improved left ventricular remodeling may in part explain the underlying mechanism for greater improvement in VȮ 2peak and resting heart rate for those who started CR earlier in the current study. Also, if later entry to CR was a patient choice, this may be a proxy for lack of motivation to engage in lifestyle change and thus a mediator of less favorable change in VȮ 2peak and body composition. Alternatively, patients who start CR later owing to unavoidable or logistical reasons may be less disposed to making lifestyle changes because the urgency or motivation to change may dissipate the longer the time from their acute illness and surgery. Nevertheless, it may in part explain poorer attendance and greater dropouts that result in less exposure to CR benefits, especially because longer wait times predicted dropout for nonmedical but not for medical reasons. However, although poorer attendance may have an adverse effect on outcome measures, further analyses revealed that wait time remained a significant influence on outcomes even after accounting for attendance to prescheduled sessions. The consequences of delayed entry to CR are an area that has not received much attention in the literature. Five studies have been published with mixed results, but none have reported results for CABG patients separately. In a subanalysis of a systematic review, Valkeinen et al 12 reported that there was more than a 2-fold greater gain in VȮ 2peak for patients starting CR <3 months after event (n=11 studies) compared with patients who started CR >3 months (n=7 studies) after event (P=0.06). However, the data were unadjusted for baseline measures or correlates of later entry. In a randomized study, 74 nonsurgical patients who were scheduled for an early CR orientation/education visit (median of 8.5 days) showed no measurable benefit to number of rehab sessions attended or CR completion rate compared with a later contact group (median 42 days, n=74) . 34 Also, aside from the small sample size of patients who actually attended at least one rehab session from the early (n=43) and later visit group (n=36), the difference in time to the first exercise session (ie, total wait time) was not reported. Parker et al also instituted an early access clinic (ie, education/orientation visit) for 245 low-risk post-MI patients living within an hour of the CR center.
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Compared with a historical CR comparison group, the intervention group started exercise training earlier than control and had a significantly greater gain in VȮ 2peak (P=0.03) after the 12 week program but no difference in completion rate. Finally, 2 studies randomized patients to an early or later entry CR group. 42, 43 Both studies excluded patients who had complications, such as heart failure, or were living far from the CR center. Macchi et al randomized 350 postvalve or CABG surgery patients to a 3-week CR program either early after surgery (mean of 7.8±2.7 days) or later (24.6±2.1 days). 43 The early group had a greater absolute change in 6-minute walk distance than the later entry group, but no difference in mortality or nonfatal events, functional ability, or risk factor control 1 There were no additional benefits to cardiovascular fitness or quality-of-life for the early entry group; however, the authors point out that the control group (late entry) may have completed a greater volume of exercise than the early intervention group during the control period. Collectively, the mixed results of these studies may be because of the difference in study design, where some studies included selected low risk patients, with little difference in the time to the first exercise session between early and late entry groups (<3 weeks or not reported), as well as small sample sizes, short CR program duration (≤4 weeks), and low exercise intensity prescriptions, all of which may reduce effect size.
Correlates of Longer Wait Times
Establishing where in the health system process the greatest delay resided and an examination of the potentially modifiable independent correlates of longer wait times will help to develop strategies for timely access to CR programs. Although efforts should be directed at strategies to reduce both wait-time phases, it may be more efficacious currently to target CR wait time. First, we have shown that the referral wait time has steadily declined so that it is almost half of what it was in 1995, whereas CR wait time has increased annually. Also, most patients (78%) started CR within 120 days from surgery, and during this period, the CR wait time significantly exceeded the referral wait time. Moreover, there were more potentially modifiable correlates of CR wait time than referral wait time delay. Specifically, there was a longer wait to start CR once the referral was received for women, those without a partner, people currently employed, and those who were older and from lower SES neighborhoods. The reasons underlying longer wait times for persons with lower SES within a universal healthcare system requires further exploration, but may be related to lower health literacy, transportation costs, and lack of financial capacity to forego paid work to participate. 44, 45 A possible explanation for women having greater total and CR wait times could be related to transportation issues because this has been reported as a bigger barrier for women than men entering and completing CR 21, 46 and may not be accounted for by the drive time to the CR center but rather by access to transportation. This may, in part, explain why sex was a correlate of CR wait time and not referral wait time even after accounting for drive time to CR. Contact with patients as soon as the referral is received by the CR program to inform them of the options available in CR programs, such as home program (off-site) models, evening class options, classes specific for women, social support workshops, transportation alternatives, as well as offering early telephone contact with a CR social worker for financial, transportation, and social support consultation, may help to expedite patient access to CR. These options are typically presented later at the time of the first CR visit. Early access clinics may not be efficacious because socially vulnerable patients would be less likely to attend these for the same reason(s) that delay them starting CR. Taken together, the disparities identified herein necessitate efforts to expedite initiation of CR for socially vulnerable individuals by both hospital and CR staff but should be intensified once the referral has been received by the CR program.
Many of the demographic and clinical factors identified in the current study as being associated with later entry to CR may be difficult to circumvent given that they have also been reported as either reasons for increased early hospital readmissions after CABG surgery (ie, heart failure, stroke, hypertension) [16] [17] [18] [19] or associated with greater readmission (ie, diabetes mellitus, older age, higher body mass index, female sex). 14, [16] [17] [18] [19] 47 In fact, a significantly greater proportion of women than men are readmitted to hospital after CABG. 14, [17] [18] [19] 47, 48 Overall, the rate of readmissions have been reported to range between 12.9% and 16.5% within 30 days after surgery, [16] [17] [18] [19] 24 .1% within 3 months, 48 24.3% within 6 months, 14 and, among Medicare beneficiaries, 42% within 1 year of CABG surgery 15 and thus could affect both referral and CR wait times. Clearly, medical reasons for delayed entry are appropriate (however, it is arguable they could be mitigated by early follow-up in CR), and interventions are needed to focus on nonmedical reasons for delayed entry.
Despite the seemingly unavoidable nature of these barriers to early CR entry, a recent retrospective study demonstrated that patients post-CABG can be safely enrolled early after discharge (<2 weeks) with similar major event rates (23%) occurring within the first 6 months 50 as previously reported in the literature (24.3%) in non-CR participants 14 with infrequent CR-related adverse events. Despite these issues, access to other components of CR, such as education and counseling, may help to mitigate the detrimental effects of later or interrupted entry.
Limitations
There are several limitations to this study. With regard to design, this was a retrospective analysis of a database not designed to measure correlates of later entry to CR specifically. In addition, the study was conducted at a single urban center which limits generalizability. Also assessments were not conducted before hospitalization or at the time of hospitalization, and thus, the details of the surgery, length of hospitalization, wound complications, or rehospitalization were not available. We did not account for survival bias or ethnicity. Moreover, there may be other factors that have an effect on wait time that were not measured in this study. We did not have CPET data for those who discontinued the program prematurely, and thus they were not included in the outcome analysis. We cannot explain why those referred later had a more favorable improvement in resting diastolic blood pressure. Although bivariate analysis revealed that those who start CR later have a higher resting diastolic blood pressure, after adjusting for the baseline level, those referred later still derived greater benefit in this one measure. Finally, although the CR program had sufficient capacity in relation to funding, space, and staff to treat all referred patients throughout the time period under study, it cannot be ruled out that programrelated factors may have impacted the findings.
Conclusions
After accounting for correlates of CR wait times, later entry remained a significant correlate of poorer CR outcomes. Given the proven benefits of CR post-CABG and the underuse of such services, greater application of inpatient systematic referral strategies is warranted to reduce referral wait time. 49 Also, ways to expedite initiation of CR treatment once the referral has been received for women, older individuals, those from a lower SES neighborhood, those who are employed, those with less social support need to be investigated. Given the results of this study together with recent research demonstrating the safety of initiating CR <2 weeks post-CABG, 50 we recommend initiating CR within 60 days of surgery. Although we have demonstrated that there are potentially unavoidable clinical reasons for later entry to CR, waits longer than 60 days are not acceptable. Although these patients may need to temporarily discontinue the exercise component or initiate exercise later, promoting early access to other components of CR, such as education and counseling, should be encouraged.
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